Objectives: To assess the association between baseline characteristics at an index ED visit and ED revisit within 30 days among adults aged ≥ 65 years in two Swedish regions. Methods: This was a register-based prospective cohort study. The sample included (N=16 688; N=101 017) older adults who have had an index ED visit in 2014 at hospital based EDs in the regions of Dalarna and Stockholm, Sweden. Several registers were linked to obtain information on sociodemographic factors, living conditions, social care, polypharmacy and health care use. Multivariate logistic regression was used to analyse the data. Results: Seventeen percent of the study sample in Dalarna and 20.1% in Stockholm revisited ED within 30 days after an index ED visit. In both regions, male gender, being in the last year of life, excessive polypharmacy (≥ 10 drugs), ≥11 primary care visits and ED care utilization were positively associated with ED revisits. In Stockholm, but not in Dalarna, low level of education, polypharmacy, and institutional care was also associated with ED revisits. In contrast, home help was associated with ED revisits in Dalarna but not in Stockholm. Conclusion: These findings call for further in-depth examinations of variations within single countries. ED revisits among older adults are driven by need of care but also by the social and care situation.
, but other studies demonstrated no association between gender and ED revisits (Lowthian et al., 2016; McCusker et al., 2000) . Contradictory findings have also been observed for the association between living alone and ED revisits (Lowthian et al., 2016; McCusker, Healy, Bellavance, & Connolly, 1997) .
Social care conditions can also influence ED care utilisation among older adults. A recent Danish study has shown that the probability of ED revisits is higher among older adults living in their homes with home help than older adults living at home without home help (Tanderup, Ryg, Rosholm, & Lassen, 2019) . However, such associations are not observed in other studies on ED revisits (de Gelder et al., 2018; Lowthian et al., 2016) . Number of medications/polypharmacy is an indicator of health status and has also been identified as a risk factor of ED revisits in old age (de Gelder et al., 2018) , but, again, this finding is not consistent across studies (Lowthian et al., 2016) . An association between previous health care utilisation and ED revisits has been observed in some studies (Lowthian et al., 2016; McCusker et al., 2000) , however this is contradicted by another study (McCusker et al., 1997) .
There could be different explanations of these mixed findings, such as characteristics of study population, geographical or regional differences and the organisation of health and social care services in different countries. A literature review on ED visits demonstrated that the majority of studies have been conducted in United States and in Europe (Steinmiller et al., 2015) . In most of the European countries, health care is mainly publicly funded, whereas health care is more fragmented and market driven in the United States (Jayaprakash, O'Sullivan, Bey, Ahmed, & Lotfipour, 2009 ). This can, at least in part, explain contradictory findings across studies on ED revisits and points towards the importance of considering regional differences to better understand risk factors for ED revisits and to develop an effective model to prevent ED revisits in older adults. Regional differences in health and social care systems and risk factors for ED revisits exists not only across countries but also within single countries. However, studies on ED revisits considering within country differences are lacking.
Sweden has a universal and mainly tax financed health care system, where users pay only a small fraction of the total costs. A fundamental principle in Swedish health care provision, explicitly supported by legislation, is 'equal access for equal need' regardless of age, sex, ethnicity or economic resources (National Board of Health & Welfare, 2005) . However, socioeconomic differences do exist in the utilisation of care, for example, persons in low income groups, living in disadvantaged areas, and women in 80+ age group are frequent users of ED care (Doheny, Agerholm, Orsini, Schön, & Burström, 2019) .
Primary care has a significant role in the Swedish health care system and unavailability of primary care can influence the use of other forms of care such as ED. A higher proportion of patients seeks ED care due to unavailability of primary care in Sweden compared to other European countries (Swedish Agency for Health & Care Services Analysis, 2017). The provision of health care in Sweden is the responsibility of regions and it is therefore important to consider regional differences in the identification of factors associated with ED revisits, that is, two regions may have similar problems but the causes of and solutions to the problems could be different.
The health and social care system in Sweden has undergone substantial changes in recent years. These changes include cutbacks in the hospital bed rate, where Sweden now has the lowest per capita hospital bed rate in Europe (OECD, 2018) , and a 30 percent reduction in municipal institutional care since year 2000 (Schön & Heap, 2018) . These changes have contributed to a shorter length of stay in hospitals, increase in outpatient care and raised 'eligibility threshold' for institutional care. Recent changes in the health and social care systems in Sweden and in many other countries emphasise the need of up-to-date studies on health care utilisation such as ED revisits.
Methodological limitations of previous research include recruitment of patients on specific days and/or times (Lowthian et al., 2016; McCusker et al., 2000) , and the exclusion of patients with unstable medical conditions, living in institutions (Lowthian et al., 2016) and/or with language barriers (de Gelder et al., 2018) . These limitations may lead to selection bias. Register based studies can avoid the selection bias, but studies on ED revisits using registers are scarce.
In summary, inconsistent findings are available regarding the risk factors of ED revisits in older adults in previous research. The organisation of social and health care varies, not only across but also within countries, but studies on ED visits considering within country differences are lacking. Previous research on ED revisits is often limited in terms of selection bias. Therefore, register based studies are needed.
Therefore the aim of this study is to use population based register data to assess the association between baseline characteristics at an index ED visit and ED revisit within 30 days among adults aged 65 years or older in two Swedish regions.
Methods

Study design, setting and population
A prospective cohort study design was used. The study population was adults aged 65 or older living in two Swedish regions, Dalarna and Stockholm.
Region Dalarna (below called Dalarna) is located in the central part of Sweden. It has approximately 287 000 inhabitants and the average age is 43.6 years. Adults aged 65 years or older make up 24.2% of the population. Approximately 57 400 ED visits are made annually by the 19+ age group in Dalarna and the median length of stay at ED is 188 min (National Board of Health & Welfare, 2007 , 2019a Thus, Region Stockholm has some similarities with Region Dalarna (for example, approximately the same proportion of older adults receiving social care), but differs in terms of a lower average age and lower proportion of adults aged 65+ in the population, and also in terms of the health care systems with a higher geriatric hospital bed capacity and longer length of stay at EDs. Despite a higher proportion of adults aged ≥ 65 years, Dalarna has a lower geriatric hospital bed rate than Stockholm.
The study sample was defined as adults aged ≥ 65 years who had an ED visit (defined as "index visit") between 1 January 2014 and 31 December 2014. In Sweden, appointments cannot be made at ED. Patients can visit EDs with or without any referral. In this study, EDs include hospital-based EDs that are available around the clock. Exclusion criteria was EDs with limited opening hours and/or if the ED was not hospital-based such as primary care-based EDs. According to inclusion criterion, four EDs in Dalarna and six EDs in Stockholm were included in this study, providing a sample size of 16 688 older adults in Dalarna and 101 017 in Stockholm.
Data collection
This study is based on data from the following national and regional registers: Longitudinal Integration Database for Health Insurance and Labour Market (LISA by Swedish acronym), the Social Services Register, the Swedish Prescribed Drug Register, and the health care databases of M. Naseer, et al. Archives of Gerontology and Geriatrics 86 (2020) 103960 Region Dalarna and Stockholm. These registers cover the entire population and are based on unique individual personal numbers that are assigned to all persons living in Sweden. The registers were linked via encrypted personal numbers. Ethical approval for this study has been awarded by the Regional Ethical Review Board in Stockholm (reg.no. 2016/299-31).
Dependent variable
In line with previous research, the outcome variable "ED revisit" was defined as at least one ED revisit within 30 days of an index ED visit (Lowthian et al., 2016; McCusker et al., 2000) . Information on ED revisits was obtained from the health care databases. A dichotomous variable was constructed as no ED revisit and ED revisit.
Independent variables
Information on sociodemographic variables and living arrangement was obtained from the LISA database, which includes information on various variables from population registers. Sociodemographic variables included age, gender, education and living arrangement. Age was dichotomised as 65-79 and ≥ 80 years. Levels of education were categorized as lower (primary and lower secondary), medium (upper secondary and post-secondary < 2 years) and higher (post-secondary ≥ 2 years). Living arrangement was defined as cohabiting (living with spouse and/or children) and living alone.
Social care status at the index ED visit was obtained from the Social Services Register and was defined as living at home with no help, living at home with home help, and living at institutional care facilities. The variable "last year of life" was estimated as mortality within 365 days after an index ED visit. Information on date of death was obtained from the LISA database. The Swedish Prescribed Drug Register was used to obtain information on polypharmacy. For each individual, the current drug use was estimated at the date of ED visit. The method used to calculate this point prevalence of drug use has been described in detail elsewhere (Wallerstedt et al., 2013) . Briefly, it is based on information about when the prescription was filled, the amount of drug dispensed and the prescribed dosage, during the three months preceding the chosen prevalence date. Polypharmacy was defined as ≥ 5 drugs and excessive polypharmacy as ≥10 drugs (Morin, Johnell, Laroche, Fastbom, & Wastesson, 2018) .
Health care utilisation included information on primary care visits and ED visits, both covering 12 months prior to the index ED visit. Previous primary and ED care utilisation were categorised as no visit, 1-4 visits, 5-10 visits and ≥11 visits. The information on health care utilisation was obtained from the health care database of the respective region.
Data analysis
Descriptive statistics of those who had an index ED visit (Table 1) and ED revisits within 30 days (Table 2) in each region are presented as absolute and relative frequencies. The association between baseline characteristics at index ED visit and ED revisit within 30 days (dependent variable) was estimated by bivariate logistic regression and multivariable binary logistic regression (Enter models) analyses. In multivariable regression analyses, model 1 included only variables on sociodemographic factors (age, gender and education) and living arrangement, model 2 included sociodemographic factors, living arrangement, social care and factors related to health status (last year of life and polypharmacy), and the final model included all the independent variables. Results are presented as Odds Ratios (OR) and 95% Confidence Intervals (CI). Significance level for bivariate and multivariable associations was set at < 0.05. The Hosmer and Lemeshow goodness-of-fit test was executed to determine whether regression models fit the data (Hosmer & Lameshow, 2000) . SPSS version 25 for Windows and SAS version 9.4 were used to conduct the analysis.
Results
Sample characteristics
There were 16 688 adults aged ≥65 years in Dalarna and 101 017 in Stockholm who had ED visit during the study period ( In terms of social care, 21.6% of older adults lived at home with home help and 5.4% lived in institutions in Dalarna. In Stockholm, 17.2% older adults were home help recipients and 5.5% lived in institutions. The proportion of older adults who were in the last year of their life were similar in both regions. The share of older adults who had polypharmacy was 20.8% in Dalarna and 29.9% in Stockholm. Five percent of the older adults in Dalarna and 10.4% in Stockholm had excessive polypharmacy. M. Naseer, et al. Archives of Gerontology and Geriatrics 86 (2020) 103960 Older adults with no primary care visits in previous 12 months constituted 14.6% of the sample in Dalarna and 7.08% of the sample in Stockholm. The proportions of ED visits in the previous 12 months prior to index ED visit were similar in both regions.
Characteristics of study sample who had ED revisits and bivariate analysis
Seventeen percent of the study sample in Dalarna and 20.1% in Stockholm had an ED revisit within 30 days after the index visit (Table 2 ). In Dalarna, 1.06% of those with an ED visit had an ED revisit on the very same day they were discharged from the ED. In Stockholm, 2.8% of older adults revisited ED on the same day of index ED visit. Among older adults who had an ED revisit, 41.2% in Dalarna and 39.3% in Stockholm were 80+ years. In the ED revisit group, 49.9% in Dalarna and 45.4% in Stockholm were men. Half of the ED revisit group in Dalarna and 26.3% in Stockholm had lower level education. In both regions, age group ≥80 years, men, and older adults with low level education were associated with higher odds of ED revisit. Fifty-four percent in Dalarna and 48.1 in Stockholm who had ED revisit lived alone. Living arrangement had no significant association with ED revisits.
Regarding social care status, home help receipt was associated with ED revisits. The likelihood of ED revisits was significantly lower among adults living at institutions in Stockholm, but no significant association was found in Dalarna. The association between being in the last year of life and ED revisits was significant in both regions. Polypharmacy was significantly associated with ED revisit in Stockholm, while no significant association between polypharmacy and ED revisit was found in Dalarna. Association between excessive polypharmacy and ED revisit was significant in both regions.
In Dalarna 37.7% and in Stockholm 22.3%, who had 1-4 primary care visits in 12 months prior to index visit revisited ED. In Stockholm, 1-4 and 11+ primary care visits in 12 months prior to index visit were significantly associated with ED revisits. However, in Dalarna only ≥11 primary care visits were significantly associated with ED revisits. Thirty three percent in Dalarna and 32.1% in Stockholm who had 1-4 ED visits in 12 months prior to index visit revisited EDs in 30 days. The association between previous ED utilisation at baseline and ED revisits was significant in both regions. Table 3 presents multivariable regression models for ED revisits. Both in Dalarna and Stockholm, male gender was associated with ED revisits (Model 3). The association between low level education and ED revisits was significant in the final model for Stockholm but not in the model for Dalarna. Age and living arrangements were not significant explanatory factors for ED revisits in any region. Naseer, et al. Archives of Gerontology and Geriatrics 86 (2020) 103960 In Dalarna, the association between home help receipt and ED revisits was significant, whereas the association between institutional care and ED revisits was not significant. In contrast, institutional care was significantly associated with lower odds of ED revisits in Stockholm while no significant association between home help receipt and ED revisits was found. Last year of life was associated with higher odds of ED revisits in both regions. The association between polypharmacy and ED revisits was significant in Stockholm's model but not in Dalarna. Excessive polypharmacy was significantly associated with ED revisits in both regions.
ED revisits: multivariable analysis
Regarding previous health care utilization, ED care use and ≥11 visits of primary care in 12 months prior to index visit were associated with ED revisits in both regions.
Discussion
The aim of this study was to assess the association between baseline characteristics at an index ED visit and ED revisits in two Swedish regions. Characteristics of the older adults who visited EDs in Dalarna and Stockholm were similar except for education, polypharmacy, and primary care use. Approximately 17% of the study sample in Dalarna and 20% in Stockholm revisited ED within 30 days after an index ED visit. In line with this, 1% of the sample in Dalarna and nearly 3% in Stockholm revisited ED the same day as they were discharged from the ED.
Multivariable analysis identified a significant association between male gender and ED revisits in both regions. The association between low level education and ED revisits was significant only in Stockholm. Regarding social care status, home help receipt was positively associated with ED revisits in Dalarna, while institutional care was negatively associated with ED revisits in Stockholm. Variables representing health status, being in the last year of life and excessive polypharmacy, were associated with higher odds of ED revisits in both regions. However, the association between polypharmacy and ED revisits was only significant in Stockholm. In terms of previous health care use, in both regions, ≥ 11 primary care visits and ED utilisation prior to index ED visit were positively associated with ED revisits. Therefore, to prevent ED revisits it is important to develop a risk prediction model of ED revisits including information on sociodemographic factors, social care status and living arrangements along with health status. Identification of risk factors associated with ED representation can contribute positively to the prevention of revisits, the improvement of health-related outcomes among older adults, and the optimisation of ED care.
The finding that male gender predicts ED revisits echo some previous research (de Gelder et al., 2018) while other studies have not found any association between gender and ED revisits (Lowthian et al., 2016; McCusker et al., 2000) . An explanation of this finding could be that women are more likely to seek health care at primary care while men make greater use of hospital care in old age (Juel & Christensen, 2007) . In the bivariate analyses, low level education was associated with ED revisit both in Dalarna and Stockholm, but this association remained significant only in Stockholm in the multivariable model. This finding highlights the significance of education in both regions, although in Dalarna educational differences could be explained by other variables. Notably, indicators of poor health status included in this study, that is, being in the last year of life and excessive polypharmacy, were positively associated with ED revisits. Health status could be an explanation of association between low level education and ED revisits, since previous research has shown that older adults with low level of education report more health problems than those with higher education (Fors & Thorslund, 2015) . Still, in Stockholm the association between education and ED revisits remained significant after controlling for indicators of health status. Similar socioeconomic differences have been identified in a study on frequent ED visits among older adults living in Stockholm (Doheny et al., 2019) .
In Dalarna, a positive association was found between home help receipt and ED revisits. Older adults living at institutions were less likely to revisit EDs in Stockholm. The associations between different forms of social care and ED revisits are in line with previous research on ED revisits and unplanned hospital admissions (Dahlberg, Agahi, Schön, & Lennartsson, 2018; Tanderup et al., 2019) . As with many other European countries, the implementation of "ageing in place" policy in Sweden and the substantial cutbacks in institutional care have contributed to stricter eligibility criteria for institutional care. This means that frail older adults to a larger extent are living at home with home help (Schön, Lagergren, & Kareholt, 2016) . Thus, home help may not be sufficient for groups with high levels of frailty and high needs of health and social care. In emergency situations, hospital EDs may be the only alternative available to those living at home whereas more support is available for adults living in institutions. The different findings in Dalarna and Stockholm should be understood in the light of the decentralised organisation of long-term care in Sweden (Schön & Heap, 2018) . There are no national regulations regarding the eligibility criteria for different services and municipalities vary in terms of population characteristics, resources and political priorities.
In terms of previous health care utilisation, older adults who had higher levels of primary care use and ED visits prior to the index ED visit were more likely to revisit the ED, which is in line with previous research (Lowthian et al., 2016) . Greater use of health care generally suggests that visits are driven by the need of care, which is further supported by the results showing that excessive polypharmacy and being in last year of life were positively associated with ED revisits. Excessive polypharmacy indicates that there are underlying multiple health problems (Morin et al., 2018) , hence need of health care. However, EDs may not be an appropriate setting for older adults with complex multiple health problems. Such problems should, if possible, be addressed at other care levels, for example, it has been shown that better access and continuity of primary care reduces ED care utilisation (de Stampa et al., 2014; van den Berg, van Loenen, & Westert, 2016) . Primary care is the first line of care. If older adult's needs are not met in the primary care, there is an increased risk of ED visits. In an international perspective, the Swedish health care system is dominated by hospital based care and primary care offers low level of continuity (SOU, 2016).
Strengths and limitations
This is a register-based study. Register studies have several strengths, for example, all older adults who visited ED were included in this study, even the oldest old, patients with acute medical conditions, patients being in the last year of life and those living in institutions. Inclusion of older adults in institutional care is a particular strength of this study, as this group has been excluded in previous research on ED revisits (Lowthian et al., 2016) . Several registers were linked to produce a dataset with accurate information of high quality, including not only information on health care use but also information on use of social care.
Register based studies also have some limitations. The Swedish Prescribed Drug Register does not include information on drug use in inpatient care. Thus, the variable on polypharmacy concerns prescribed drugs picked up from the pharmacy. Another potential limitation could be the difference in the definition and organisation of primary care in two regions. A main difference is that the basic home health care (up to nurse level) is the responsibility of municipalities in Dalarna, while Region Stockholm is the provider of basic home health care in Stockholm. In this study, we kept the original definitions of primary care in both regions to show the real picture of each region and excluded basic home health care from the study. Another limitation was that time to ED revisit in 30 days was estimated from the date of index ED visit (Lowthian et al., 2016 , McCusker et al., 2000 . This means patients who were admitted to the hospital after index ED visit would not get equal chance to be included in 30 days. This problem is minor, though, since the median length of stay at hospital was 3 days.
Conclusion
By considering the within country differences in terms of population characteristics and organisation of health and social care, this registerbased study assessed the association between baseline characteristics at an index ED visit and ED revisit within 30 days among adults aged 65 ≥ years in two Swedish regions. Nearly one in five of these adults had an ED revisit within 30 days and between 1 and 3% revisited the ED on the same day as they were discharged from the ED. This illustrates the vulnerability of older adults and their frail situations.
Along with similarities in factors associated with ED revisits in Dalarna and Stockholm, this study identified within country differences. These findings challenge research at national or cross-country levels and calls for further in-depth examinations of variations within single countries.
